plants will tend to initially be sited where there is low cost biomass and shorter hauling distances. This will favor locations where there are higher density forests and low-cost logging and mill residues from current forest products production. 1 As residues are used, plants will tend to be sited where pulpwood is available and competition is lowest.
For the purposes of this chapter, we use the term "biorefinery" to include all types of integrated biorefineries. Integrated biorefineries are similar to conventional refineries in that they produce a range of products to optimize both the use of the feedstock and production economics. Although most of the discussion will focus on practices and landscapes within the United States, some consideration is needed of wood used for. energy and products in other countries because their level of use can influence our domestic use via global . markets and changes in wood imports and exports.
Integrated biorefineries are expected to be large industrial facilities that produce 50-100 million gallons of biofuels per year. 2 Using an estimate of 70 gallons of biofuels per oven dry ton of forest biomass feedstock, this translates to using 0.714-1.430 millon oven dry tons of forest biomass feedstock per year, which is about the amount used by a conventional sized pulp mill in the U.S.
Depending on the type of integrated biorefinery, and other coproducts (including energy), the feedstock demand could be higher. Furthermore, new biorefineries are more likely to be sited where there is currently a sufficient infrastructure in place that has historically or currently produces other forest products, such as lumber, pulp, wood fuel pellets and wood composite products, that may be complementary or compete for forest-based wood resources. Other biorefineries plan to add biofuels production to existing facilities, such as pulp mills, where the biofuel and traditional pulp products will both be produced from the Same feedstocks. 
Background
The forest products industry in the United States has evolved with voluntary sustainability standards and best management practices (BMPs). State programs vary from voluntary BMPs to mandatory practices prescribed by statute 4 A working definition of sustainable forestry is: "The practice of meeting the forest resource needs and values of the present without compromising the similar capability of future generations. It involves practicing a land stewardship ethic that integrates reforestation, managing, growing, nurturing, and harvesting trees for useful products with conservation of soil, air and water quality, wildlife and fish habitat, and aesthetics."' In addition to the guidelines for sustainable forestry, biorefineries are also expected to contribute to renewable energy goals linked with energy security, environmental improvement, rural wealth, and climate change mitigation goals. Sustainability guidelines for using agricultural or forest feedstocks for energy have been proposed by various groups. Examples of topics areas coveredinclude:
• feedstock type (thinnings, harvesting residues, purpose-grown trees, pulp wood, etc.) and management; • land use (type of land used to produce woody feedstocks and associated changes in land use such as conversion from naturally regenerating forests to plantations, or from farms to forests, public vs. private land ownership); • harvest, collection, and processing of feedstock; • transport of feedstock, fuel and location of refinery; • fuel type, conversion process and blending; • coproducts (heat., power, traditional forest products, biobased chemicals, etc.); • net energy and energy efficiency (improvements over gasoline or diesel, energy used to produce the biofuels as compared to biofuel energy. content); • relation to existing forest industry (location, size, competition or integrated); • social (participation by landowners, risk management, incentives, human health); • economic (feedstock competition, transport, storage efficiency, risk; uncertainty, etc.).
Detailed discussions of sustainability for bioenergy as a system show how the economic, social, and environmental dimensions of sustainability axe interconnected.
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Economic aspects include coping with limited land resources; existing and emerging feedstocks; technical advances; and different feedstocks having different biological characteristics, resource requirements, and costs of production and transport-Social. aspects include following applicable laws and international treaties, using open and transparent participatory processes that actively engage relevant stakeholders and establish rights and obligations, ensuring decent wages and working conditions and the safety of workers, and acknowledging worker rights to organize and collectively bargain. Major aspects of environmental sustainability for bioenergy systems are shown in Figure 3 .1 and discussed by McBride and others, who identified 19 measurable indicators for soil quality, water quality and quantity, greenhouse gases, biodiversity, air quality, and productivity. These indicators were selected to be both measureable and useful to decision makers in characterizing and assessing sustainable bioenergy.
US. Sustainability Frameworks and Policy
A comparison of existing U.S. forest certification schemes that provide management guidelines for sustainability in the forestry sector was compiled by Rickenback with the Sustainable Forestry Partnership at Oregon State University. 7 The general features of the Sustainable Forest Initiative (SFI), Forest Stewardship Council (FSC) and American Tree Farm (ATF), Green Tag Forestry, and International Organization for Standards (ISO). are described, along with the management and ecology focal areas, operational considerations, and social and economic factors. In general, these programs are voluntary third-party certification systems that forest landowners or managers use to identify forestland that is managed to meet agreed-upon standards and sometimes to label products that originate from these forests.
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Certification is a market-based, nonregulatory forest conservation tool designed to recognize and promote environmentally responsible forestry, and sustainability of forest resources.
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States with significant forestry activities have adopted Best Management Practices (BMPs) to ensure water quality. However, BMPs were not intended to directly address practices such as increased removal of logging residues. To address biomass removal levels more specifically, a number of states, have developed voluntary state harvesting or retention guidelines that indicate the extent to which biomass may be removed from harvest sites for biofuels or biopower. States that currently have adopted, harvesting and/or retention guidelines include Maine, New Hampshire, Vermont, New York, Rhode Island, Connecticut, Massachusetts, Michigan, Minnesota, Missouri, Pennsylvania, Maryland, Wisconsin, and California."
The Energy Independence and Security Act (EISA 2007) contains a restrictive definition of "renewable biomass" as a way to address some of the sustainability concerns that bad been raised in developing the Renewable Fuels Standard 2 (RFS2); however, this definition raised other concerns regarding its impact on public land management and private forest economics. 10 The RFS2 mandates U.S. production of biofuels with a goal of producing 21 billion gallons of advanced biofuels by 2022. Of this total, 16 billion gallons are to be made from cellulosic feedstock. The definition of "advanced biofuels" includes thresholds for reductions in greenhouse-gas emission profiles as compared to gasoline, with advanced biofuels required to meet a 60 per cent reduction in GHG emissions as compared to gasoline. Woody biomass feedstocks that can be counted toward the cellulosic ethanol portion of the RFS2 under EISA 2007 only include forest residues from state and private forest plantations or woody energy crops harvested from land that was inactively managed tree plantations in 2007. This definition is designed to discourage land clearing for bioenergy feedstock production. However, the detailed biomass definition in EISA 2007 excludes all federal forests and private lands not managed as a tree plantation in 2007. It thereby restricts the use of a market that could facilitate thinning or residue removal and thus could reduce the high fire risk of many federal forests due to overstocked stands and other forest health concerns.
11 Table 3 .1 summarizes the restrictions on feedstocks from forest biomass as the law is currently written, and contrasts the EISA 2007 definition with the broader definition of "renewable biomass" included in the Food Conservation and Energy Act of (2008) . 12 The Farm Bill also has programs that support increased production of biofuels. Tracking the current status of biomass definitions in various laws is critical because producing biofuels from qualified feedstocks that meet the "renewable biomass" definition in the EISA 2007 allows biofuels producers to receive the $1.01/gallon tax incentive payment.
State Forestry agencies and the U.S. Forest Service provide guidelines for private family forest landowners that include sustainable forestry principles.
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These agencies also develop Stewardship Plans for private forest landowners to apply these principles and achieve landowner objectives. Having a Stewardship Plan or Certification may become a requirement for qualifying under some federal incentives and payments for producing biofuels feedstocks.
A group called the Council on Sustainable Biomass Production (CSPB) is developing a voluntary certification system for bioenergy feedstocks. 14 Table 3 .2 contrasts the CSBP certification system with existing voluntary forestry certification systems and state forestry stewardship guidelines. 13, 15, 16 A new challenge for CSBP and other goups trying to develop standards for certification is determining appropriate ways to assess greenhouse-gas emissions.
An example of local efforts to address sustainability of forest biomass feedstocks is the city of Gainesville, Florida. They developed a Forest Stewardship Incentive Plan to help assure "that the manner in which biomass was procured (for biopower) would not only minimize any environmental harm, but transform the forestry industry to improve biodiversity in the region and assure sustainable supplies of renewable biomass energy." To avoid wood fiber from respect all applicable laws Principle 7. Comply with laws, rules and guidelines.
Transparency Public Involvement
Use of Best Available Science Continuous Improvement
Training and Education
PRINCIPLE: Biomass production shall comply with applicable federal, provincial, state, and local laws, ordinances, and regulations.
Transparency
The interactions of a participant with stakeholders must be conducted in a transparent manner while protecting commercially sensitive information and maintaining intellectual property. PRINCIPLE Production of certified biomass shall be transparent.
Continuous Improvement
CSBP is committed to a process of continued assessment of the usefulness of the standard's practices to ensuring the illegally logged forests when procuring fiber outside of North America, and to avoid sourcing fiber from countries without effective social laws.
Legal Compliance
To comply with applicable federal, provincial, state, and local forestry and related environmental laws, statutes, and regulations.
Public Involvement
To broaden the practice of sustainable forestry on public lands through community involvement.
13.Transparency
To broaden the understanding of forest certification to the SFI 2010-2014 Standard by documenting certification audits and making the findings publicly available.
Research
To support advances in sustainable forest management through forestry research, science atid technology. of the country in which they occur, and international treaties and agreements to which the country is a signatory, and comply with all FSC Principles and Criteria. Principle 2. Tenure And Use Rights And Responsibilities Long-term tenure and use rights to the land and forest resources shall be clearly defined, documented and legally established.
Principle 8. Monitoring And Assessment
Monitoring shall be conducted appropriate to the scale arid intensity of forest management to assess 
International Sustainability Frameworks and Policy
Biorefineries operating in the U.S. may be producing biofuels that are traded in international markets. This will require an understanding of international standards and certification schemes for sustainable biofuels production. The Roundtable on Sustainable Biofuels (RSB) has released "Principles & Criteria for Sustainable Biofiels Production" as a basis for stakeholder discussion around requirements for sustainable biofuels.
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Their intent is to implement the standards through certification systems for biofuels operations throughout the world, issuing certificates to recognize operations that meet their criteria.
Recently, the Global Bioenergy Partnership (GBEP) released their sustainability indicators for bioenergy, aiming to help countries assess and develop sustainable production and use of bioenergy. 19 The 24 indicators are divided into Environmental, Social and Economic Pillars.
The European Union recently released the "EU Renewable Energy Directive" that established a certification scheme for biofuels that include rising targets over time for greenhouse-gas saving over gasoline and diesel, and rigorous external auditing throughout the supply chain. 20 The focus to date has primariIy been on agricultural rather than forest-based feedstocks.
Sustainability Topics to Watch
The policy discussion around accounting for indirect land-use changes associated with biofuels production, and their potential greenhouse gas effects has been a major point of public debate in the U.S and internationally. This concept is based on the premise that use of land to grow bioenergy feedstocks in one location results in other farmers responding to market signals (higher commodity prices) and producing the displaced crop, which can cause greenhouse emissions, depending on prior land use. Currently, global economic models (such as FAPRI) are used to estimate this effect by examining land-use change worldwide with more ethanol production in various countries, but those models do not have general land-use change in them. 21 The FASOM model for the U.S. does have the ability to consider tree planting on agricultural land for either biofuels feedstocks or timber production. 22 Furthermore, various disciplines explain land changes via distinct theories and have different spatial resolutions and interpretations of indirect land-use change and its implications. There is some discussion of this topic in the development of the U.S. Renewable Fuels Standard (RFS2) Summary and Analysis of Comments and a significant part of the EU standard's protocol. 23 The extent to which biofuel production induces indirect land-use change and the associated quantity of greenhouse-gas emission is not resolved.
A second topic relates to assessing the lifecycle emissions associated with biofuels, where it is often assumed that emissions from wood biomass are carbon neutral. This assumption is being examined by the U.S. EPA in development of guidelines to restrict greenhouse-gas emissions from certain stationary sources, such as electric power plants. The uncertainty about the carbon-offset benefits of wood biomass burning for energy was considered in a draft rule released by EPA that identifies stationary GHG emissions sources that need to have permits to emit GHGs. 24 US EPA requested information on the issue of wood biomass carbon neutrality and as a result of those responses has suspended for three years any rule requiring such biomass emissions to be limited in the same way as fossil emissions (Environmental Protection Agency 2011). Research is needed to clarify the carbon-offset benefits of using wood for energy, and how scale of the analysis, in both time and space, influences the outcome. It seems likely that findings about the GHG offset benefits of using wood for electric power could influence how GHG offset benefits are estimated for wood-based biofuels.
The definition of "renewable biomass" and what qualifies for various biofuels incentives is also likely to be a contentious point of debate as various federal and state incentives are adopted and revised. Current definitions are summarized in a recent Congressional Research Service report (Table 3 .1). 25 
